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L'tillration  of  the  (|iianz  crystal  microhalance  (QCM)  in  conjiinetion 
with  electrochemistry  can  allow  one  to  determine  the  m.iss  of 
pol>  nier  electrnile  and  charge  utilieation  simultaneously  nr  irt-sim 
under  the  conriitions  that  the  electrode  is  polarized  etecTn'Chemically. 
This  combination  of  measurements  has  already  been  used  for  the 
folimving  cases;  I.  electrode  deposition  of  metals  (I):  2. 
dissnltition  of  metals  (Ni)(2);  2  Redos  process  for  conducting 
poKmer  (polypyrrole(3l.  polyaniline(4))  and  redos  polymers 
ips'ivvinylferr(s:eneH3l  The  method  is  also  advantageous  for  tlie 
monitoring  of  the  mass  change  of  conducting  psilymers  like 
pol\ pyrrole,  polyaniline,  etc.  either  during  the  retios  prtKcss  or 
during  elecin’polymerization.  The  emphasis  of  this  paper  is  to 
monitor  polymer  growth  on  the  electroile  with  time,  and  to 
investigate  the  growth  rate  of  polypyrrole  and  the  coulombic 
efntiency  of  electropoiymeri ration  .as  a  function  of  time. 

Shear  mode  fiMUz  AT  cut  ipiarrz  crystals  were  used  for  this 
investigation.  They  were  obtained  from  Inflcon  (East  Syracuse. 
N  Yl  The  crystals  had  vacuum  deposited  gold  electrodes  on  both 
sides  The  total  projected  area  exposed  ro  the  solution  was  0 
cm-.  The  cry  stal  oscillator  circuit  included  a  power  sosirce  ao<l  an 
oscillator  (Inficon  XTC).  ITie  frequency  was  measured  with  a 
freiiiiency  counter  lfiP?.'k4A).  The  fretpiency  measurements  were 
sent  to  aiid  stored  in  a  personal  ctvnpuier  (MWRIA). 

The  f  sperimenrs  were  carried  out  in  a  4-necked  glass  cell.  Two  of 
ilie  necks  were  iisesi  for  the  gas  inlet  and  outlet,  one  for  the  reference 
electrrxle  and  the  last  one  for  the  counter  electiode  (stainless  steel 
/large  surface  area).  The  working  electrosle  was  the  comlticting 
polymer  film  in  cont.ict  with  the  solution.  The  quartz  plate  was 
'caied  to  the  cell  with  a  silicone  rubber  .sealant.  The  elecfonle 
potential  was  controlled  by  a  poteniiosiat .  The  working  elecirtHle 
IV  as  urt'untled  ihirviigh  the  poteniiosiat.  The  oscillator  was  isolated 
froiiuhe  pttteniiostat  with  a  IpF  capacitor  (Eigiire  I). 


Pig.  I  Quartz  crystal  microhalance  esperimental  apptniiis(A) 


QCM/niei'irficliemical  nu  asuremi  nis  on  the  gro-  Oi  rate  oi 
conducting  polymers  were  pertoriiied  under  the  loilouing 
condiiitMisr 


I)  nalvannsialic  2)  Poientioslaiic 

.3)  I’oieniial  .Sweep  4)  Potential  Pulse 


For  example,  under  potent iostatic  ctmdilions.  polypyriole  gromli 
and  total  charge  consumed  have  heen  nvmiiored  as  a  lunciion  ot 
time.  Two  iliviinct  grt>wih  regions  corresponding  to  il'c  polymer 
growth  on  bare  tiihsirair  (fa-i.  charge  efficient)  ami  pel'  rr  growili 
on  polvMicr  islovv.  charge  inefficieni)  have  been  obsm  ..-d  I'f  igin- 
2). 


e  lectropolymeri  rat  ioo 
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